Previous work has shown the positive correlation of echocardiographic right ventricular preejection period/right ventricular ejection time ratio (RPEPIRVET) with pulmonary vascular resistance and pulmonary arterial diastolic pressure obtained at cardiac catheterization. However, the correlation was insufficient to predict pulmonary arterial diastolic pressure or vascular resistance from a given RPEP/RVET ratio. In this study the RPEP/RVET ratio was compared with left ventricular preejection period/ejection time ratio (LVEP/LVET) in 25 patients undergoing cardiac catheterization, and a strong correlation was found between the ratio (RPEP/RVET)/( LPEP/LVET) = R/L and the ratio of pulmonary arteriolar resistance/systemic arteriolar resistance (PAR/RS), especially when R/L was correlated with loglo PAR/RS (r = 0.902). A very high correlation (r = 0.960) was found between R/L and loglo PAR/RS when the group was restricted to patients with a ventricular septal defect or a complete endocardial cushion defect. Regression equations fol prediction of PAR/RS have been derived for the various groups.
Since its introduction to clinical use, echocardiography has been evolving from a qualitative descriptive tool of diagnosis to a procedure providing quantitative data. Pediatric and adult cardiologists alike are asking for quantitative measurements and estimates of various hemodynamic variables. Therefore, after the qualitative descriptions of pulmonary valve motion in pulmonary hypertension,lJ great interest was created by the quantitative correlation of right ventricular systolic time intervals with pulmonary arterial diastolic pressure and pulmonary vascular resistance reported by Hirschfeld et al.3 However, although statistically significant, the correlation coefficients between right ventricular systolic time intervals and pulmonary arterial diastolic pressure or vascular resistance were inadequate to predict these values accurately.4 Clearly, further investigation was needed to provide the data required for more accurate prediction. In this study we assessed whether one could more accurately predict the pulmonary vascular resistance/systemic vascular resistance ratio by comparing the patient's left and right ventricular systolic time intervals because the normal range of pulmonary/systemic vascular resistance ratio is well known.
Case Material
Thirty patients undergoing diagnostic cardiac catheterization at the University of Michigan Medical Center for delineation of congenital or acquired heart disease underwent echocardiography within 12 hours of the catheterization; in most cases the procedure was performed in the catheterization laboratory immediately before the hemodynamic study. Patients were not studied in the first 6 hours after catheterization. Patients with a complete right or left bundle branch block pattern in the electrocardiogram, complete transposition of the great ar- teries or a cardiac pacemaker were specifically excluded from the study, as were patients breathing a greater than 40 percent oxygen concentration (only Patient 15, breathing 35 percent oxygen, was not in room air). Patients with an incomplete right bundle branch block pattern with a QRS interval within normal limits for age5 were included. Of these 30 patients, 25 had echocardiographic and cardiac catheterization data suitable for inclusion. Their diagnoses are included in Table  I . All patients were under 10 years of age except Patients 2 (18 years) and 6 (15 years).
Methods
Echocardiograms: These were obtained with 5.0, 3.5 or 2.25 megahertz nonfocused Aerotech transducers, and either a Picker model 104 ultrasonoscope with Polaroid@ film recording or a Smith Kline model 20-A ultrasonoscope and Smith Kline model 21 fiberoptic strip chart recorder. Echocardiograms of the aortic and pulmonary valves were obtained with standard techniques and recorded so that one complete cardiac cycle was obtained per sweep on the Polaroid camera, or at a paper speed of 100 mm/set on the Smith Kline instrument. Only complexes including both the opening and closing movements of the valve under study were included. The echocardiographic limb lead showing the earliest depolarization, usually lead II, was utilized and superimposed on the echocardiographic tracing. Measurements of preejection period and ejection period were made as previously described3 ( Fig. 1) with the additional technique of utilizing a dial caliper, accurate to f0.05 mm, measuring the intervals to the nearest 0.1 mm and using a drafting triangle and stylus to make parallel rulings at the onset of the Q wave and the opening and closure of the valve in question. Measurements in millimeters were then converted to seconds (carried to three significant digits), using the highly accurate and stable interval time markers generated by each instrument. At least six cardiac cycles for each valve, during all phases of respiration, were measured and the values averaged. All measurements were carried out by one observer (E.S.).
Cardiac catheterization: This procedure was carried out with the patient under light morphine and diphenhydramine (Benadryla) sedation, and samples for oxygen saturation and pressure measurements were obtained simultaneously or in rapid succession (less than 2 minutes) from the pulmonary artery, pulmonary vein, systemic artery and mixed venous return. When pulmonary venous return or pulmonary arterial wedge saturation could not be sampled (five cases) it was assumed to be the same as the systemic arterial or left ventricular saturation, provided there was no right to left shunting as shown with angiography or an arterial saturation level above 93 percent, or both. Samples were analyzed for oxygen saturation with an American Optical Corporation reflectance oximeter or Instrumentation Laboratories Company transmittance oximeter, or both. Values for assumed oxygen consumption were obtained from tables as reported by Cayler et a1.6 for infants, and LaFarge and Miettinen7 for children over age 3 years. Pressures were obtained with no. 5,6 and 7F National Institutes of Health or Cournand (USCI, Billerica, Massachusetts) or Gensini (Edwards Laboratories, Santa Ana, California) catheters of 50,80 and 100 cm lengths coupled to Statham P23Db strain gauge transducers and recorded on an Electronics for Medicine VR6 photo-optical recorder. Catheterization values thus obtained were entered into a Digital Equipment Corporation PDP-12 computer programmed to calculate flows by standard Fick principle and to report pulmonary arteriolar, total pulmonary and systemic arteriolar resistances in units of mm Hg/liter per min per m2 of body surface area. So as to preclude observer bias this analysis was performed after analysis of the echocardiographic systolic time intervals.
The resultant data points were entered into the University of Michigan Data Terminal System, and correlation matrices and linear regression analysis carried out by the method of least-squares using the MIDAS statistical research package. Table I lists the results of the echocardiographic systolic time intervals and cardiac catheterization data for the 25 patients. As might be expected, there was a preponderance of children with ventricular septal deejection time (RPEP/RVET) was compared with pulfeet, atria1 septal defect or endocardial cushion demonary arteriolar resistance and total pulmonary refeet.
Results
sistance using linear regression analysis ( Fig. 2 and 3 ).
Right/left systolic interval ratios compared with
There was a significant statistical correlation between pulmonary/systemic resistance ratios: The ratio of these values, with the correlation coefficient of 0.787 (r2 right ventricular preejection period/right ventricular = 0.619) for RPEP/RVET versus pulmonary arteriolar 
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resistance comparing favorably with that obtained by Hirschfeld et al." (r = 0.69 for RPET/RVET versus pulmonary vascular resistance for their data). Also, there was significant deviation from a straight line in the points with higher pulmonary arteriolar resistance and total pulmonary resistance, with the curve resembling a logarithmic function, as did the data points of Hirschfeld et al.3 The regression equation is pulmonary arteriolar resistance = 44.21 (RPEP/RVET) -6.20. There was no significant correlation (r = 0.042, r2 = 0.0017) between the ratio of left ventricular preejection period/left ventricular ejection time (LPEPI LVET) and systemic arteriolar resistance. When right ventricular systolic time intervals were compared with left ventricular systolic time intervals by the ratio of (RPEP/RVET)/(LPEP/LVET) = (R/L) and this ratio was compared with indexes of pulmonary/systemic resistance ratio by linear regression analysis, the correlation coefficients were also significant. Figure 4 (upper left) is the plot of right/left systolic time intervals (R/L) versus pulmonary/systemic resistance ratio (PAR/RS) with resultant correlation coefficient of 0.743 (r2 = 0.552). At upper right is a plot of right/left systolic time interval ratio (R/L) versus total pulmonary/systemic resistance ratio (TPRIRS) with a correlation coefficient of 0.749 (r2 = 0.561). Still it can be seen that there is a curvilinear shape to the data curve, resembling a logarithmic function.
For this reason, when R/L is compared with loglo PAR/RS (Fig. 4, lower and is significant at the P <O.OOOl level. The antilog may then be found in a table of logarithms. When R/L is compared with loglo TPR/RS (Fig. 4 lower right and is also significant at the P <O.OOOl level. As can be seen from the scatter plot, the data points now conform much more closely to a straight line.
Effect of excluding patients with aortic or pulmonary stenosis: Because severe aortic stenosis changes LPEP/LVET, and severe pulmonary stenosis changes RPEP/RVET, both by prolonging ejection time, it might be expected that excluding patients with a pulmonary or aortic valve gradient greater than 30 mm Hg might further improve the correlation coefficient because it would result in a more homogeneous group. When patients with aortic or pulmonary stenosis (gradient greater than 30 mm Hg) are excluded, regression analysis provides an improvement in correlation coefficient to 0.939 (r2 = 0.882) with the equation From the patient data it is apparent that all patients with a ventricular septal defect or a complete endocardial cushion defect having an R/L of less than 0.85 had a PAR/RS of less than 0.30, which some consider the upper limit for safe operability. Discussion A systolic time interval is a phase of electromechanical systole whose duration is governed by four basic factors: (1) preload, indicated by end-diastolic pressure; (2) afterload, reflected by vascular resistance or arterial diastolic pressure; (3) contractile state of the myocardium; and (4) the rate and sequence of intraventricular electrical conduction.s,g
The clinical usefulness of left ventricular systolic time intervals as a bedside method of clinical evaluation has been documented by several investigators. lO-l2 Extremely close correlation has been found between conventionally obtained systolic time intervals and those obtained from echocardiograms.13 The correlation of right ventricular projection period/right ventricular ejection time ratio (RPEP/RVET) with pulmonary ventricular resistance and pulmonary arterial diastolic pressure (afterload) was documented by Hirschfeld et Accuracy and limitations of echocardiographic systolic time interval measurements: In determining the preejection period/ejection period ratio, measurements of intervals must be very exact because a small error in timing the opening of a valve will be added to the numerator of a ratio and subtracted from the denominator.
Therefore, small errors, by their inclusion in a ratio, become large. For this reason, only complexes with well seen opening and closure movements were included, and they were measured at high paper speed with dial calipers, using scribed parallel rulings made with a drafting triangle. Even so, the choice of the point of onset of the QRS complex and of valve opening and closure is somewhat subjective and therefore prone to error. However, if the same criteria are always used for both the aortic and pulmonary valves, the identical error will be included in both the denominator and numerator of the right/left systolic time interval ratio (R/L), and the two errors will cancel out.
It has been shown that there is significant variation in the onset of the QRS complex in various leads, with the earliest depolarization generally noted in lead Vs.14 Even if this lead were used (and it was not used in our study or that of Hirschfeld et a1.3), interpatient variation occurs, and therefore errors are introduced into the determination of the preejection period. Again, with the ratio R/L, the same error is introduced into both the numerator and the denominator, and it is canceled out.
Left ventricular systolic time intervals show little respiratory variation, but right ventricular systolic time intervals
show rather large variations with differing phases of respiration.15
Yet in the study by Hirschfeld et a1.,3 measurements were made only during expiration in older children, and in their infants with high respiratory rates only the shortest systolic time intervals were selected. All phases of respiration were included in our study, because we believed that error would result from exclusion of respiratory variation. 
